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Abstract 
The Viang Papao situated in northern Thailand is an area that might become to serve for the quadrangle economic 
cooperation policy among Thailand, Laos PDR, China and Burma. Even water resource presently discloses no water 
scarcity, but the groundwater is supposed to support the water needed to the future economic expansion, but there is, 
up-to-now, no any investigation with regard to the  groundwater storage in the basin. The groundwater storage is an 
important quantity to manage the groundwater in the future. Therefore we investigate this issue by means of a 3D 
numerical groundwater flow model (MODFLOW) for Viang Papao aquifers, whereby the goal of the investigation is 
on the estimation of the groundwater storage. By this study, we propose a new approach of Thailand to calculate the 
groundwater storage in term of the dynamic groundwater storage which closer reflects the quantity of developable 
groundwater from the basin by using the storage parameter rather than the old fashion of the static groundwater 
storage calculation. Based on first observational results of a recent exploratory hydrogeological investigation of the 
Thai Department of Groundwater Resources (DGR) in 2009, the aquifer system is modeled with a top unconfined 
aquifer layer and two underlying confined layers, each of them separated by an aquitard. The groundwater flow 
model is calibrated in steady-state and transient mode using observed piezometric heads for the various aquifer layers 
for the year 2009. The dynamic groundwater storage, aftermath, is numerically calculate based on the storage 
parameter and yields 430 million cubic meter. 
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1. Introduction 
The Viang Papao situated in northern Thailand is an area that might become to serve for the 
quadrangle economic cooperation policy among Thailand, Laos PDR, China and Burma. Even water 
resource presently discloses no water scarcity, but the groundwater is supposed to support the water 
needed to the future economic expansion, but there is, up-to-now, no any investigation with regard to the  
groundwater storage in the basin. The groundwater storage is an important quantity to manage the 
groundwater in the future. Therefore we investigate this issue by means of a 3D numerical groundwater 
flow model (MODFLOW) for Viang Papao aquifers, whereby the goal of the investigation is on the 
estimation of the groundwater storage. By this study, we propose a new approach of Thailand to calculate 
the groundwater storage in term of the dynamic groundwater storage which closer reflects the quantity of 
developable groundwater from the basin by using the storage parameter rather than the old fashion of the 
static groundwater storage calculation. 
2. Study Area  
Viang Papao aquifers is located in the Viang Papao aquifers district (Amphoe in Thai) which is the a 
district of Chaingrai in the northern Thailand. The basin is encompassed by ridges of mountains in 4 
directions. The natural recharge presents in the terrace area. Mae Nam Lao river is in the middle plain of 
basin. The basin’s altitude varies from +350 to +1200 m. (MSL) (Fig.1). The geological investigation of 
Department of Groundwater Resources (DGR, 2009) discloses that Viang Papao aquifers basin comprises 
of 3 aquifer layers which are intervened by 3 thin aquitard layers (Fig.1). 
3. Theory 
3.1. Static Groundwater Storage Volume 
The static groundwater storage volume (SGSV) is a classical method to calculate the groundwater 
storage volume as all previous studies in Thailand have been used this method to calculate the 
groundwater storage volume. Fundamentally, this concept is based on total groundwater volume 
presenting in pore of porous media in an aquifer system which can be formulated as follows: 
 
SGSV=׎xTAV 
where                          ׎ = porosity and TAV  = total aquifer volume 
 
3.2. Dynamic Groundwater Storage Volume 
 
The dynamic groundwater storage volume (DGSV) is defined as the volume of groundwater which is 
able to be theoretically pumped when an aquifer system fully releases from its porous media. This theory 
can be formulated as follows (Arlai, 2010): 
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DGSV=SxTAV 
 
where                          S = relevant storage parameters and TAV  = total aquifer volume 
 
 
Fig. 1. The hydrogeological map of Viang Papao aquifers 
 
4. Set-up of The Conceptual and Numerical Groundwater Model  
4.1. Set-up of The Conceptual Model 
The conceptual 3D-groundwater model represents the overall hydrogeological and physical
characteristics of the aquifer system.That is, the conceptual model is set up based on the geological data, 
geological description, hydrogeology, hydrology, topography, groundwater extraction, soil conditions and 
land uses, some of which has only been recently collected (DGR, 2009).   
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(a) Conceptual model of Viang Papao aquifers (b) Boundary Conditions 
Fig. 2. Conceptual model and optimal grid spacineg curve of Viang Papao aquifers 
 
Fig. 2(a) shows a fully 3-D groundwater model of Viang Papao aquifers are vertically discretized into 
6 layers, namely, an unconfined aquifer and 7 confined aquifers. The basin is encompassed by ridges of 
mountains in 4 directions; therefore the model cells which are superimposed with these areas are specified 
as inactive cells and specified these areas as the no flow boundary condition. While the terrace areas in 
the study area are specified as the recharge boundary and river boundary is specified along the Mae Nam 
Lao river in the middle plain of basin (Fig. 2(b)).   
4.2. Numerical Groundwater Model 
In general, the grid design depends on the available data and objectives of simulation. Normally, a 
width size of one grid should not be greater or less than 1.5 times of width sizes of the other closed grids 
in order to protect a serious error in simulation (Domenico and Schwartz, 1998). However, if the grid size 
is too small, it will consume too much time for simulation. Therefore the grid size should be 
optimistically selected based on general mentioned criteria and hydrogeology of the study area in order to 
produce a correct calculation and save time. Before the detailed calibration of the model was endeavored, 
the size of the optimal horizontal grid, i.e. the optimal number of horizontal grid points was determined. 
This was achieved by repeated steady-state calibrations using coarse estimations of the important 
hydrological parameters entering the model and checking the Root Mean Squared Error (RMSE) between 
the observed and modeled hydraulic heads.  According to optimized grid curves of the groundwater 
model, it can be summarized as follows: the grid size of Viang Papao groundwater model is 400x400 
squared meters. Fig.2b illustrates an example of Viang Papao model. Fig.3 illustrates an example of Mae 
Sai model. 
 
 
1225P. Arlai et al. / Procedia Engineering 32 (2012) 1221 – 1227
  
 
(a) RMSE (m) versus grid size for the Viang Papao aquifers 
system. An “optimal” grid size of about 400 m is obtained. 
(b) FD grid of Viang Papao aquifers 
 
Fig. 3. Groundwater flow model set-up and optimization of the model grid of Viang Papao basin 
 
5. Steady-State And Transient Model Calibration 
Groundwater model calibration is usually carried out to ensure that the model can reasonably well 
mimic the groundwater flow system, namely, fit the observed piezometric heads. The latter were 
measured at 36 monitoring wells that were installed by DGR during 2008. The measurement period 
available in the present study is from January to June, 2009. The calibration was done in both steady and 
transient state. The hydraulic conductivity Kxy in the 3 aquifer layers and the groundwater recharge turned 
out to be the most sensitive calibration parameters and were adjusted in an iterative manner during the 
calibration process. Some results of the calibrations in both steady-state and transient modes are shown in 
Fig. 4. The set of calibrated horizontal hydraulic conductivity of aquifers varies in between 0.26 and 69 
m/day, storage of coefficient varies from 1x10-3 to 1x10-5 and recharge is about 6% of averaged annual 
rainfall. 


 
(a) Scattered plot between observed- and computed head in the steady 
state calibration 


 
 
(b) Comparison of observed-versus computed head in the 
transient Calibration 
Fig.  4. Steady state- and transient calibration of the Viang Papao aquifers model 
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6. Groundwater Storage in Viang Papao Aquifer 
The static- and dynamic groundwater storage volume is calculated based on the calibrated model. The 
static groundwater storage volume is the summation of storage in each active cell of model which can be 
formulated as follows: 
 
where                          AAC = the area of active cell 
                                        ST = the saturated thickness 
                                          n  = the sequent number of active cell 
                                        TN = total number of active cell 
The dynamic groundwater storage volume is determined from the model by using the mathematic 
expression as follows: 
 
where                         Sn = specific yield for an unconfined aquifer and Ss x ǻ piezometric  
                                    head drop  
Based on these two concepts of groundwater storage volume, the Mae Sai groundwater model is 
applied to calculate the static- and dynamic groundwater storage volume. The static- and dynamic ground 
water storage are reported as follows:
Static groundwater storage volume 
(MCM) 
Dynamic groundwater storage volume 
(MCM) 
9150 615 
The table discloses that the static groundwater storage volume is greater than the dynamic groundwater 
storage volume. Based on the theory, the dynamic groundwater storage volume is more reasonable 
volume rather than static groundwater volume, as it is the volume which we can develop from the aquifer. 
7. Conclusion 
a) The dynamic groundwater storage volume is a new approach for Thailand that is firstly applied in 
Viang Papao Aquifer System. 
b) The dynamic groundwater storage volume is hydraulically reflected to the hydraulic aspect and 
would give more precise than the static aquifer storage, as it used the data from the field and modeling. 
c) Viang Papao’s dynamic groundwater storage volume is 615 MCM which is less than static 
groundwater storage volume storage. 
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